Strains of the fungus Verticillium lecanii have been incorporated into alginate prills and studied as potential management agents for plant-parasitic nematodes. Since long-term storage is essential in material intended for field applications, the viabilities of two V. lecanii strains in prill formulations were recorded after storage in the freezer (-15°C), refrigerator (4°C), ambient room conditions (ca. 25°C), and glasshouse (15-43°C). In a wheat bran formulation, both strains generally grew from 90%-100% of prills storcd in the refrigerator for up to 43-45 months (although one batch of the mutant strain lost viability by 12 months). Viability at -15°C did not always remain as high as when prills were stored at 4°C. Viability of both strains was 0% within 2 years at ambient room conditions and within 7 months in the glasshouse. Similar results were obtained with the mutant strain in a pyrophyllite formulation. One batch of wheat bran prills made with the mutant strain plus soybean cyst nematode sex pheromone (vanillic acid) was also tested. Fungus viability was 0% after 25 months (freezer, refrigerator), 4 months (ambient room conditions), and 1 month (glasshouse). Fungus in prills made with the pheromone analogue syringic acid had a similar longevity to fungus in prills without added pheromone.
Efficacious formulations
are essential for successful application of microbial pest control agents. Consequently, development of formulations is a high priority in biological control research. Alginate formulations (Fravel et al., 1985) have been used for delivery of biocontrol fungi in a number of studies, including investigations on management agents for plant-parasitic nematodes (Cabanillas et al., 1989; Kim & Riggs, 1992; Meyer, 1994; Meyer & Huettel, 1993; Schuster & Sikora, 1992a , 1992b . These formulations can be made with a food base for the fungus or with an inert carrier. In addition, compounds such as fertilizers and chemical pesticides can be added as needed to enhance control, promote plant growth, or reduce competitive effects of other microorganisms (Fravel & Lewis, 1992) .
1) Mention of a trademark or proprietary product does not constitute a guarantee, warranty, or endorsement by the United States Department of Agriculture and does not imply approval to the exclusion of other similar products.
2) Prills are granules manufactured in a specific way; they arc homogeneous in character and have a smooth surface.
No matter how effective the formulation proves to be, however, the product can only be used if it gives the organism a shelf life that makes its production, distribution and sale as a biocontrol agent both economically and practically feasible. An important componcnt of shelf life is the viability of the biocontrol organism in the formulation. For this reason, the viabilities of various fungi in alginatc formulations have been investigated (Fravel et al., 1985; Jackson et al., 1991; Lewis & Papavizas, 1985; Papavizas et al., 1987) . Such studies have been conducted on only two biocontrol fungi for nematodes: Paecilomyces lilacinus and the unidentified fungus designated ARF18 (Cabanillas et al., 1989; Kim & Riggs, 1992) . Verticillium lecanii (A. Zimmermann) V16gas, which has been sold for insect control (Hussey, 1984) , has also shown promise as a management agent for plant-parasitic nematodes, as indicated by laboratory, glasshouse and field studies (Gintis el al., 1983; Hanssler, 1990; Hanssler & Hermanns, 1981; Meyer et al., 1990; Meyer & Huettel, 1993) . For some biocontrol studies, a wild type strain of this fungus and a UV-induced mutant with increased tolerance to the fungicide benomyl (Meycr, 1992) were incorporated into alginate prills (Meyer, 1994; Meyer & Huettel, 1993) . The objective of the study reported here was to determine survival of the two h lecanii strains in the intact alginate prills during storage under conditions that might be used by a grower or supplier. Measured variables included temperature, addition of vanillic acid or syringic acid to the prills as potential nematode management agents, and inclusion of pyrax vs. wheat bran as carriers in the formulation.
MATERIALS AND METHODS

Production of prills
Two strains of h lecanii were tested for longevity in storage: Mutant strain M2S 1 (Meyer, 1992;  Two additional types of prills were made with the mutant strain. Onc was formulated with a soybean cyst nematode sex pheromone, vanillic acid (0.67 g in 7.5-8.3 ml ethanol per litre alginate solution) and the other with the pheromone analoguc syringic acid (0.13 g in 6.7 ml ethanol per litre). One batch of each was tested to determine viability.
Storage of prills and tests for viability
Prills were put in unsealed plastic or glass screw-cap bottles and storcd under four different conditions: a) freezer (-15°C); b) refrigerator (4°C); c) ambient room conditions (heated and air conditioncd laboratory, ca. 25°C); and d) glasshouse (temperatures ranged from 15-43°C). Prill viability could have been evaluated by testing whole prills, which gives a measure of viable point sources, or by testing ground-up prills, which gives an estimation of viable "colony forming units." Because prills used for biocontrol studies are applied in the field as whole prills and not ground up before application, each prill is a point source for the fungus in thc soil, so it is important to establish the number of viable point sources. Therefore, viability was determined by plating the prills onto agar and counting the number of prills from which fungus grew. For each storage condition/age combination, thirty prills from each tested batch were plated onto PDA in 3 Petri dishes (10 prills per dish) and placed at room temperature (ca. 25°C). Viability was first observed after 2 days; the colonies were then allowed to grow long enough for identification to be verified. Even at the carliest stage of visible growth, the Verticillium morphology on the prills was so distinctive that there were no instances where is was later found that a fungus contaminant growing from a prill without viable Tlerticillium had been mistakenly counted as Verticillium. Intervals between viability tests were a minimum of 1 month.
Results arc reported as the percentage of prills with viable fungus in the months succeeding prill production. Means and standard errors were calculated for each storage condition/age combination where more than one prill batch was tested. Repetitions were conducted for many of the storage condition/age combinations with different prill batches. The number of prill batches tested for each storage condition/age combination varied because some prill batches had fewer prills and were used up earlier than others or were not tested each month.
Eighteen batches of the mutant strain in wheat bran prills made in the years [1990] [1991] [1992] [1993] were tested for viability. One (30 prills) to 11 1 (330 prills) prill batches were tested for each storage condition/a?e combination. Graph points on Fig. 1 
RESULTS
Mutant strain in wheat bran prills
Strain M2S in wheat bran prills survived better in the refrigerator than under other storage conditions (Fig. 1) . Eleven prill batches were stored in the refrigerator,
with 1 to 8 batches tested for each time period. Overall, viability was generally 90-100% in refrigerator storage, even after 45 months (Fig. 1 B) . Only one batch of M2S 1 prills stored in the refrigerator dropped to 0% fungus viability (recorded after 12 months storage). The other five batches tested after 12 months refrigerator storage all had 100% fungus viability. The batch with 0% viability was plated out only once more (after 22 months); it was the sole batch tested at that time (Fig. IB) . The batch was not stored under other conditions. Average viability of M2S 1 stored in the freezer (6 prill batches total, 1 to 6 batches sampled per month) was between 95 and 100%, with the exception of two batches (Fig. 1A) . One batch had 93% fungus viability after 12 months, 80% after 15 months, and 0% after 29 and 40 months (the ncxt dates on which it was sampled). This same batch retained 97% viability in the refrigerator when tested after 29 and 40 months storage. The other freezer batch that dropped to 0% fungus viability (recorded after 32 and 43 months storage) had 100% fungus viability after 43 months storage in the refrigerator.
At ambient room conditions (15 batches total, 1 to 1 1 tested per month), viability of M2S 1 was 95-100% after one month (Fig. 1 B) . The viability decreased after that time, reaching 0% in all batches tested after 24 months of Fig. 1 . Viability after storage of herticillium lecanii mutant strain M2S in a wheat bran-alginate prill formulation. A. In freezer and glasshouse. B. In refrigerator and at ambient room conditions. Vertical bars represent standard error.
storage. The sole batch used for the 17 month test had an unusually high fungus viability for much of the experiment; 97% viability after 1 1 months, 87% after 14 months, and 93% after 17 months (Fig. 1 B) . However, that batch also dropped to 0% fungus viability during the course of the experiment. Glasshouse storage (7 prill batches, 1 to 7 batches tested per month) resulted in an even faster decline in viability, with 0% of the prills containing viable fungus after 6 months (Fig. lA) .
Mutant strain in PyraxO prills
In the single batch of prills containing M2S 1 and PyraxOO carrier, results were similar to those obtained with alginate-bran prills (Fig. 2) . Fungus viability in the refrigerator remained 100% after 40 months, but dropped slightly to 90% in thc freezer at that time. Viability at ambient room conditions dropped from 100% to 93% after 4 months, and reached 0% after 12 months. Viability in the glasshouse declined to 80% after 2 months and 0% after 4 months.
Wild type strain in wheat bran prills
The wild type strain in wheat bran prills also gave similar results to the mutant strain (Fig. 3) . Viability in the refrigerator (5 prill batches, 1 to 3 batches sampled per time period) was generally 90-100%. Interestingly, 87%
fungus viability was recorded from a single batch after 9 months, but from then on was 93-100% for that batch (with 100% viability recorded after 43 months storage). Viability of the wild type strain in the freezer was recorded from two prill batches, with one or both sampled at each time period. One batch exhibited 100% fungus viability throughout the experiment (37 months total) in both the freezer and the refrigerator.
The other batch, which had 87-100% fungus viability when stored in the refrigerator, dropped substantially in fungus viability in the freezer; 60% viability after 32 months freezer storage and 70% when measured again after 43 months (compared with 100% in the refrigerator after 43 months).
Viability of the wild type strain at ambient room conditions (recorded from a total of 7 prill batches, 1 to 5 tested per month) did not drop below 90% in any batches until 6 months of storage, but was less than 10% after 13 months, and remained 0% after 24 months. Viability in the glasshouse, recorded from one to three prill batches per month, was 0% by 7 months.
Mutant strain in wheat bran prills formulated with vanillic acid or syringic acid
The vanillic acid formulation ( prill batch tested) had the shortest fungus viability, decreasing to less than 50% after 4 months in the refrigerator and 8 months in the freezer, and reaching 0% by 25 months in both the refrigerator Fig. 2 . Viability aftcr storage of Verticillium lecanii mutant strain M2S 1 in a Pyrax©-alginatc prill formulation. Fig. 3 . Viability after storage of Verticillium lecanii wild type strain ATCC 58909 in a wheat branalginatc prill formulation. Vertical bars represent standard error. and freezer. Fungus viability was 0% after 4 months at ambient room conditions and 1 month in the glasshouse. Although these results are based on only one prill batch, they corroborate unpublished observations made when vanillic acid/M2S 1 prills were tested for fungus viability before and after biocontrol experiments.
The formulation with the pheromone analogue syringic acid had a similar viability to the M2S 1 preparation not amended with vanillic acid.
Fungus viability of the syringic acid batch was 90-100% after 25 months in the refrigerator and freezer (last date recorded), 0% after 2 years at ambient room conditions, and 0% after 4 months in the glasshouse.
DISCUSSION
The two strains of TJ lecanii survived long-tcrm storage in alginate prills when refrigerated, but did not remain viable for such long periods at ambient room or glasshouse conditions. This corroborated previous studies indicating that refrigeration tends to prolong viability of fungi in this type of formulation (Papavizas et al., 1987) . However, freezer storage of IT lecanii also resulted in decreased viability of some prill batches compared with refrigerator storage. Even though this effect of freezing temperatures
was not recorded from all prill batches, the occurrence of this phenomenon indicated that refrigeration is the best method for maintaining high viability of h lecanii in alginate formulations. If refrigeration cannot be provided, other formulations may be necessary to prolong viability.
As with V. lecanii, viabilities of other biocontrol fungi in alginate formulations have generally been good. However, most longevity studies covered periods of months rather than years. Four fungi incorporated into Pyrax@-alginate prills survived longer than 12 weeks at room temperature (Fravel et al., 1985) . Beauveria bassiana (Balsamo) Vuillemin, incorporated into alginate prills for control of cereal aphids, sporulated from all prills after 5 months storage at room temperature (Knudsen et al., 1990) . Paecilomyces lilacinus (Thom) Samson was formulated in alginate pellets with Pyrax@ filler for application to soil as a control agent for Meloidogyne incognita (Kofoid & White) Chitwood on tomato. At 25°C, viability of this fungus dropped from ca. 7.5 (loglo colony forming units per g carrier) to ca. 6.5 after 7 days storage (Cabanillas et al., 1989) . The last test date was after 56 days storage and viability was still similar to that measured at 7 days. The nematode-antagonistic fungus labelled ARF 18 survived at least 3 months storage in a sodium alginate formulation (Kim & Riggs, 1992) . In some cases, longer viability might have been recorded if the experiments had been prolonged. Talaromjces flacus (Kl6cker) Stolk & Samson, when formulated into alginate prills, usually showed decreases in viability after 4-6 weeks storage. A slight increase in colony forming units was usually measured after 6-12 weeks (possibly caused by ascopores coming out of dormancy), after which populations then declined (Fravel, Lewis & Chittams, personal communication) .
However, a long term study found that the remaining propagules had a viability of at least 7 years in Pyrax@-alginate prills stored at room temperature (Fravel, personal communication Des souches du champignon Verticillium lecanii ont été incorporées dans des granules d'alginate de formulation particulière ("prills") et leurs potentialités en tant qu'agent de contrôle des nématodes phytoparasites ont été étudiées. Le stockage de longue durée étant une contrainte pour les matériaux utilisés au champ, la viabilité de deux souches de V. lecanii formulées en granulcs a été évaluée après stockage au congélateur (-15°C), au réfrigérateur (4°C), en conditions ambiantes (environ 25°C) et en serre (15-43°C). Sur un milieu à base de son de blé, les deux souches se développent à partir de 90 à 100% des granules stockés au réfrigérateur pendant une période allant jusqu'à 43-45 mois (quoique l'un des lots de la souche mutante ait perdu toute viabilité après 12 mois). La viabilité à -15°C ne demeure pas toujours aussi élevée qu'à 4°C. La viabilité des deux souches est de 0% après deux ans à température ambiante, et après 7 mois en serre. Des résultats similaires sont obtenus avec une souche mutante dans une formulation à base de pyrophyllite. Un lot de granules à base de son de blé contenant la souche mutante additionnée de la phéromone sexuelle du nématode à kyste du soja (acide vanillique) a été également testé. La viabilité du champignon est de 0% après 25 mois (congélateur, réfrigérateur), 4 mois (température ambiante) et 1 mois (serre). Les champignons présents dans des granules contenant de l'acide syringiquc (analogue de la phéromone) ont une longévité équivalent à celle des champignons contenus dans des granules sans phéromone.
